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(57) Abstract: A III nitride semiconductor crystal having sizes of approximately a semiconductor device and a manufacturing 
method thereof, a III nitride semiconductor device and a manufacturing method thereof and a light emitting device. The method 
for manufacturing the III nitride semiconductor crystal includes a process of growing one or more of a III nitride semiconductor 
crystalline board (11) on a base board (1), a process of growing one layer or more layers of a III nitride semiconductor crystalline 
layer (12) on the III nitride semiconductor crystalline board (11), and a process of separating a III nitride semiconductor crystal (10) 
composed of the III nitride semiconductor crystalline board (11) and the III nitride semiconductor crystalline layer (12) from the 
base board (1). The III nitride semiconductor crystal (10) has a thickness of 10// m or more but not more than 600 fJL m, and a width 
of 0.2mm or more but not more than 50mm. 
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0.2 0.8 0.2 0.8 

^f^^jg2i,^^S22^j;tFpMin^^b^¥^#:^^«23«v^^ni 

[0078] mz., mm^?£\^, mmmm^m^^mi2(Dm±m(pmiiimmm^ 

mm^mvm&wmi i , mmmm^mvm&m 1 2*5 fwm^^v >-rtu 
[0079] mm^^^K rm&mi^h^m^fciiimm^^mmoayrmio 

a(lII^^b^¥^^ll^Ta^tB^)^n#jm*^^i-^^{-J:oT^ 
[0080] H8£i^L-C, _hfBlII^^k^^l|10(D^^ s MWi^fc 

30° W_h90° «T©^^«?#5^W^,±|BllJl^ti5^^V^#^n«^ 
<, r«©#JBiTii©*t^0t), 30° J^_L90° £lT(Dfi&b<9n%o Lfc 

Tm&£Tf±mfctt\^Tmmztj;Z£5KMmirZ)Z.blz.J:V), ±mbT\Mb<D±^ 
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[0081] 10 ix mA^_h300 » m 

«l?fe3£$^$)*7mTU 300^ m^®x.SiIII^^^^^#:^^^«^^ 

[0082] *fc, *HW^^in^^b#;^^S«^^M^IiSf*, 5 x io 19 cm" 3 ^T-e& 

o 

[0083] ^mm^m^mm^tw^B^m^mt^ (oood®, u-ioo)®, d 

1-20)®, (l-lOl)g, (l-102)g, (11-21)^*5^^(11-22)^(7)5^^ 

^^o° tn. nmmtmw^mR(D^Mt, (ooodb, u-ioo)b, (11-2 

0)m, (1-101)®, (1-102)®, (ll-21)B*5j;U?(ll-22)BCD5^<7)l^f ! 

[0084] ^-c% m^^^^(DTmmwi(Dm^n. mn, TiSfi©is©Mfi 

tfS-ttLfi^O^fcfc, TifeK«(7)^®(7)^IS^J^bf'ffi, f'^^.tfSi(lll)ffi 
^^^^^^^^^(OOODffi^^b^i-v^ TiM*£<7>H£ffi£;fc3 

[0085] mmmmD 

Tmmmi±iziM&±(DmmmmifeM i m&iii&&&£&zrnkLx, m2A 
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mmx&% 0 

&v^s, inmmm¥mfcffiM)mi2<Dm±mKpmmm%Kmirz> 0 m^. m2c 
&£xtm2rnz.vk~r£5i^ mmnm2tmm^x, mmmm^mi^^mmi 

[oo87] ^^ifeM^^^sm^^^^^^ti.^^j^ftigs, ^mmmrn 

[0088] (^«B8) 

3A\z.^TmmRiKim^Ai(DfMnn>2 a ^m^^^m2^m^^nt, 

m3BK7jkir~^x?m2(Dm P %$2aTKfcW:1r%Ti&&m<vm P ffila^m^^fb 

[0089] m3B^^i-j;5^, nw^5ti^i#^u'c, ±miimmtm¥-mfcUiM} 
w^Ai\z.m^±.(Diiimmm^mw-m^mi2^^^ 0 m^^x\ m^m. 
t^^K iiiMmm¥mfoffiM>mi2<Dm±m^pmmm&Kmirz> 0 m3c 
&£Tfim3T>K0;ir£5i^ »i3^^tia-c, nimmtm^mw-^^mi 
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[0090] *mmmmz&tfzmmm4m¥mftWMimfo(D)£&m&, ^mmm& 
[oo9i] mm^m9) 

[0092] m p M2a<D±%&fr±%<te%te¥mMirmiMmk^M*mmi K?^ y ?& 
^^-r<^mwh^K mni$2a&/bmai®2s<DmK£^m'rz)-bte£ 
«9, mmm^m^^mmi<D^y^^m^ir^t^x^ 0 ^m^m^. 

^soooo ix rn<Diimmm^mw-^mm:^^^th ^y^ 0 
tv^ 0 /h^p§P2b(Dgs^j{*#^ijPSf*^v^s^ iimmtm^mw-^wm:^ 
iEmi%&<Dm&bt£%£?Kmm£frix\,^^bmi^^\ /huspfiwMw 

s 

fiO. 5£*mJ^ii200^m^T#W3;L<, P glWHlPiP til ju mJ^_L250 ^ m 

s 

J^T^0*bV\ /hliPfl^il'SW #0. 5 fxrn^mXfo%b%cmt£7*hyy?774 

s 

-^ffl-e#^<^«9M^^h^_h^(9, 200/i m^M^ail^^^f*^ 

s 
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[0094] #mmj&MK&i\^x^ ±m<v£?K/hm a^mw ^xn^m a^mmp 

s s 

[0095] mmnmio) 

[0096] 06B^^i-J;5^, ^W^Sirl^^^UT. XIBlll^^k^^^^ 

[0097] JJcld, El6C^i-j;5^, Hiffi^5^lHl#^L-C, in^^b^^^^^i 

[0098] *fc, ffi^^^lEfii-^StJ^^^dlW^lllOb) £LT, HI7A^^i-J;5^, TJ& 
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[0099] mm^miobK^^xn. m^4t\.xm<>tirmiiimmm^^mt^xii 
mmtm^mi^^mmii^m^^x^(Dmmmtm^m^^mmii± 
^ljBj^ii^ni^^^M 

[oioo] ^:||»tg(llig^lOa^oJ:^^i^lOb)^^oV^T«, TJ*^«^a^^H 

^50000 n m(Diimmtm^m^^mM^^t^mtf^ 0 
[oioi] $e>^ rmmmi^h^m^fcmmm^^^^iocor 

^x^mw-f^^tmhti^o 

(Tbio^ u-^mM^fcn^y^>^KXox^mir^m^ ^mmtt^mmm 
(DTffiioa^^)^^, m&mm&ftm^foZo z-<Dm&mm<Dwmz.£<9. %<d 

p-v 

p-v 

P-V 

p-v 

P-V 

[0103] mwMmn) 
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' V^tt, «£*9 V>&v ^x@-eS6#g:<5!i3tf «^^3& s -e#«o 
[0104] _h|E^^>W^«, 09^r#^L-C, in^^^ft^tll 

^Jg21t?fcSnSlGaN®^3t;JS22t?S>Sln Ga Njg22a*3«tt^Al Ga Njg2 

0.2 0.8 0.2 0.8 

2b, pmmm^mi^^m23xh^pmG a Nmmm7^nm^n, zwanmmik 

0.2 0.8 

3t^#jBMfefcMQW(Multi-Quantum Well)^}gi!bTt) £l \ 

[0105] mm^mi2) 

*mwKfrfrzm<D¥mifc7*'*'Cxte. Sterna*, mio&mmvx, nmmt 

2bL-X, MGaNjBl2a, i^Al Ga Njg (O^x^ 1) 12b^j|R^f^£$;^ 

x 1-x 

MAI Ga NSl2b(7)_hffi^y— ^m«53, H®ffi54*5J:tJ«h*W>^ffi5536S 

x 1-x 

?f^^^bfcHEMT(High Electron Mobility Transistor; ^®^-#H]Sh7^v ? ^) ^ 

[0106] mmmmiz) 

^^^Nfft^S&Kl l-Cfc§GaNS«±^, l«J^±^)III^^b^^#: 
^mBl2^LTn"§UGaNjg^^$tt^ ^biail^^b^^^^^RH^T 

R-W-KtL«t5^fV^110-efe5 o 
[0107] (H»ffill4) 
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ffiMiMl 2 iLtnSGaNJi 1 2c^M^tl, ^On'MGaNjg 1 2ccD— gP^^^pM 

RW^1t*55, n"SGaNjg(D_h®i^— h^S54, n + MJBl2e<D_h®^y— 
iM53&1&)&£frlfcMt%lMlS (Metal Insulator Semiconductor ^JS-l&iftffc-^S 
#0 h7^^^i:LTatg-r^¥^f*T i >^^120-efe^ o 
[0108] (HM?1I15) 

mz. nmmmmtm^mi^m2it. mmmtm^mi^m^n^h^xnmnim 

^«^#:^^S21j:^^<^{igi-§pMlII^^^¥^f*^^S23^,nM 

mmmtm^m^^m2i^xxfpmmmmm^m^^m23(Dmimm:'r 
^wjtm22b^m^ mmm^m^m^^mmii(Ditm.m^o. sq -cm^r 
xm, pmmmmtm^m^^m23(Dm^^mmu nmmtm^mw-m 
^mii(Dmi^mt^mn(D±mx^m2(D^miih^h%^m^^t 

[oio9] r<z>*j#-era\ mmmfi<Dtik\ ^ft«i¥im©ia (M2<D^mi ib) ^ n #j 

&mm¥mfc^m^m^%frtcb^xmir-b&x%z> 0 r^^, ^ms-e^ 
^rM$^*^/jN$<^«9^ mmj)m&n<irz>z-t&x%% 0 %sDtkm-zM2 

$s\^xhmmxfoz> 0 

[0110] *fc, *»^^jftv>pM^b^¥^#:^^S23(D{liJ«»mB^^^V>(D 
T\ pMmb^^^^iB23(Z)^B^pftlJ«ffi52^?f^i-^^^^^, 
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coin] mmmmiQ) 

^^f^^^^^lKDGaN^i:, GaN^<D01<D^®(DftlJ^, nSlII 
^^^^^S21-efe§nMAl Ga Njg (O^x^ 1) i\ GaNS«^JLT 

x 1-x 

nMAl Ga NjgJ;'9^<^{igi-^pMlII^^b^¥^#:M^S23^fc§pMAl 

x 1-x X 

Ga Njg(0^x^l)^nMAlGa Njg3o £U?pMAl Ga Nm^W^-ii.Ui~^ 

1~X X 1~X X l~x 

%m22t^m^ G&Nm$L(DmiLm&&. loVcrnJ^T"^^ pMAl Ga Nig 

x 1-x 

(Dim^v^mmu GaNmm<Dm£mi<D^mtRMiM<D^mxfoz>n2<D^m 
[oii2] z.<Dmj&iz£ti&. ±m*&miz&tf%G^mmrtmn&&^rrzzt&w&k 

[oii3] GaNmm&mmmz.mtL%~tfrb, i?mmz.mrz>$mm$&&b< 
[oii4] ^mmnm<Dm^tmm^\ vr, m^^^^^^-e^GaN^^, si o 

0 17 cm" 3 ~5 X 10 19 cm" 3 (DfBH^fcS9, GaN3&K<£>J¥$^100 » mJ^_h600 n m« 
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<5 0 

cons] mmm&mtbzM&t^ mm^sm^xxiy^tcnom^-mm^ 

Siig^*5j;lF/^c^Oj^^mS^3 X 10 18 cm" 3 ^_h5 X 10 18 cm" 3 WT, 

^©!6^3mmJj;T-efc5ri:, ^K©Si!ig^*5J:tJ«/*/tttOJS^aiaf^5 x io 18 

cm~ 3 ^_h5 X 10 19 cm" 3 J^T, ^^(Dj?$^100 a* m^_h200 M m£*T*3J:tf&2<0 
[0116] ^HJfe^fl8<75|S)fettl«(C*5V>T, _h?Ep^Al Ga NJB (O^x^ 1) tcl^LT 

x 1-x 

£pMln Ga N=f^^hjg (O^y^l) ^^i^^^W^U/ \ pSGaN/^7r 

y l-y 

y l-y 

-t-«ri:dSt?#5„ ££>^ JifBpMln Ga N=*>#?hm<DMem*Wk&fcl X 10 18 c 

y l-y 

m" 3 J^_Ll X 10 2 W 3 ^T^fc5^/$W*U/\ Msm^FWk&ffil X 10 18 cm" 3 *i 

y l-y 

y l-y 

[0117] mm^mi7) 

IlU!5^b'»^#«fSJi21-C«>5nSAl Ga Njg(O^x^l)^ AlNS«d^B 

x 1-x 

TnMAl Ga Njg J:«9m<i^m-f-^P§yiII^^b^¥^#:^l 3 Hig23-e^p§UAl 

x 1-x 
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Ga Njg(O^x^l)^ nSAlGa NJB*5j;r5pSlAl Ga NM^W^&Mir^ 

x 1-x x 1-x x 1-x 

ytmt&mx., AINmtiL<Dm&$&&. 100W/ (m-K) W_L~e&«9, pMAl Ga N 

x 1-x 

cons] Am^mcm*mwm<.i&f&'mzmtix\^fc#)^ _htE^pSAiGa njb 

x 1-x 

[01 19] #ISffi^1!B©3fc3fc»3§H:, pS^fft»¥3M«$iilJi tgLT^pSSftft^i 

4>j£tf fc±-CKJH^SriiSfe-C3tem^Sr^-b-e#«„ &£>fc, _hfB^l<Z)p««(DpM 

^^il^W^@Sg$^cp#jm*^J:§^^^mb^^^^i-§^#^«^^ 
[0120] fc*3, ^T<D^»£fi^:£>v^ T^MltLT^r^M^f*. ^cB&«SSr/J^ 
tf\ fc±*.tf, T^^liL-CGaN^^^fflV^T, ni^lt^M^ll^LTGaN 

frjg 12^LTGaNjg^Jgi-6^W*bV \ 

[0121] ur, ^mmK^^mmmimmm^^m^^m^m^^x^m^titc 
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[0122] (HMMl) 

M14&&MVX^ &14A\ZjFlr£5\Z. > TISftliLT30mm X 30mm X jf $4 
00 nm<D^-7r^TWR±K. ^X?M2bVXX'^y#mz£y)m&50run.<DSiO M 

2 

[0123] jjfeic Bli4B^-t-J;5^ Ti*^«i*5J;U ? -^^jB2_h^, HVPE&fcJ;?), Ga 
Cl^f^*35sccm(lsccm^«, ^P>|£S(1013hPa, 0°C)CO^^i^ra^lc 
m'SHl/SSEfi**^ Js^TIrIC), NH ^^*6000sccm, f^MU&1050 o CX\ 

3 

(Jfl5X|i) , J¥£550 ^ m©GaN£tfcSr2##;fc 0 
[0124] $e>m, r©GaN^^WSiJ-Wlg«©3feS*/^^t)#tt«X@(^6X@), 
GaNS^^Gag (Ga]i§C^£>&3Jj§C^ffi) ffl<Sr#F8!l*r5Xjg ( Jj|7X|i) , GaNS 

^comm^m^x^^/u^Kmitn^nimii^-n) , m^xGamw&ot 

^i-§X@(^12Xm), GaN*«^^^/k^^^«9^i-X@(^13X@), G 

aNmm&mftirzjMmi4JM)&mx, mmmtm^m^^mmnti^x 

/¥£400 ix m©GaNSft^#fc„ 
[0125] #Ci^ El 14D^i~J;5 fcU XfBOi¥$400 /z m(DGaNl« (IllWi^kVO^&fc 

)?$5 J um<DnSGaNjg21, J?$3nmOIn Ga Njg22, J¥$60nm(DAl Ga 

0.2 0.8 0.2 

Njg23, J?$15OnmOpMGaNS24^JII^C^ft$*fc(015X@) o # 

0.8 

^^°^ilbfc^^GaN^^(DTffi»^^i-^fi©^ll:^80MmX^l 
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00nm<Dn#J®*51^J$L(||16X@) N P MGaNjg24(D_hffi ^J¥£l00nm<£>p 

^f^^ H 10^400 m mX 400^ mcD#^7°^ilbT(^18X@) * IH^^b 
#/^#:^VW^50-efe§LED^?f^L/c o ^<DJ;5^ l»<«^fe^:feV vT 

*R<Dmm(DW£3mm<Dmmm.£R ^-^m$fxm\m^fct^ o. 004^ 

P-V 

^ffiSfMifcflO&SSrl. OtLt, J^TOHitf?!j^^oit§LED(7)t 0 — «ft450n 

#>1to 

[0126] (^jfefcii) 

«£tK P?fiP$l»iSP tf5410jum£&5J:5fcK!RlHStgW #MOO/zm<DH£|^J|£tf>|{§ 

w w 

P§^8£ftfc(Jg2X@) 0 

[0127] IHlB^i-J;5^, HVPESfcfclJ;^ GaCl^tfftM^lOOsccm, NH ^ 

3 

aEAdS6000sccm, ^^!&,g^l050 o C, *fcftH#P^20^ (O. 33^)<^)^#"C 

^a^s$*fc^5(i3ii), r»s«iwiiPiia±©^i^ mmmtm 

1 ^b"C400 ju m X 400 junX /?£25 m m<DGaNmU^hthfc 
o JRv^C, MOCVD&^J;«9, XIBIII^^^^#:M^S«11X^. Jttfcfclli: 
ISM^ liBJ^X(Z)III^^b^¥^#:M^«12i:LT, nM^^^^^ B JB2 
K*fc5nlGaNS, IS3feJ§22-efc5In Ga Njg22a*3«ttJ ? Al Ga Njg22b, p 

0.2 0.8 0.2 0.8 

[0128] W&mJ&^K pa^b»^*MiiffiJi23©Jh®^J¥$100nm©pfll« 

®Sr?#)&L7c(||5X@)^ EUCKj^TJ:^ a^V-^— if (jg^250nm)SrIII 
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ffc^iS 10^*5 }t3GaNffi&<7>Tffi<7) ^$^[1:^80 jj. m X ff£ 100nm<Dn#jm 
*^?F^b-C(^7X|i), ^Hife^!j(DLED^#fc 0 *LED^*5(t^GaN^«(D^ 
©Ollfla^ffi^Sa^R J30. 035 m m-Cfco/Co -tbis^ 1 COLEDOt" — ^iJSJt 

P-V 

[0129] (^»!|2) 

w 

w 

ix mx 3000^ mX|f:$25 J u m<DGaNffi££r#fcftilte, ^Jfe#!jl£l^#cDX$g-eL 
§GaNS^K^)^ffi^)mi£]^ffiO^Ba§R [30. 048 ju mX&otc 0 it^MKDL 

P-V 

EDC0t°— ^^SOnm^Soit^^^h/V^WiS^^fc^^^S^l. Ob 

tel. l-e&ofc 0 |£JH:£m^£#>fc 0 
[0130] (H»!|3) 

2 

, P?§P§l»iP ^oOMm^^i^^^P^WSW ^lOOjunKDE^^^liP 

w w 

gR^itfc(^2X@) 0 
[0131] |E|2B^i-J;5^ HVPEfttil GaCtff^A^i30sccm, NH 

3 

^EA^6000sccm, J&;R?&Jg^l050 o C, ^1^/^50^(0. 83B#5g) 

-eM^^^^fcir^(^3x@) , ^m2(Dm p^2armtt§Tii 

«l©Pi P ffilaX*5 £OT P ^2a^(9ffltp-^^jg(D— ^Xfi2bX^, Illjgl^ 



WO 2005/112080 



35 



PCT/JP2005/008745 



fttt&^NMWfSSStRl 1 £LT300 n m X 300 » m X J?£85 u m(OGaNS^^#fe 
f || I JB21-efe§nSGaNjB, ^5feJB22-efe§In Ga Njg22a*5 itFAl Ga NJB2 

0.2 0.8 0.2 0.8 

2b, pS^k^3^#:^fB«23-efc5pSGaNji W^*^fc (I4I@) 0 
[0132] Jfcfc, El^teUei^ pM^b^^f*^^ B ii23(D±ffi^j¥$100nm(Dp^lJ« 

m^X^^m2^^y^^f\Z.XX)^l,fc (|g6X@) KOH*^S (KOH : 
5fC*%) ^?S»bTIII^^^#:|S^ 10(DTJ*^«1 tdg-TSTfilOa 

^^>-^i-§-^fz:J;i9 % III^^k^^^^lO^T 

lO^^^GaN^^fDTffi^^^r^^^SO ii mX^lOOnnKDnftlMS^ 
^Lt(l8It)^ ^H»!j<DLED^#fc 0 ^LED^&tfSGaN^&^ffi^Dfl 
tfh^B^^ffifi^R tel. 5 ix m-efcofco l:bKf?!ll^LED(Z)t: 0 — «*450nm 

P-V 

1 fc„ 

[0133] (HJg^l4) 

*mm&m. ±mmmnm8f t zM^ir^mmmx^o m^mmx^x^ M3ak 

7jki-^c Tite^Kl£b-a?£350 nm<D^r4TmU±^, v^^S2iLt^ 

^^fe^£«9/¥£50nmcDSio jg^j£(jgix@)utiL yxwy^y^—mK 

2 

£*9, HSPflOTiP ^ooOMm^toi^i-^PSWSW ^3000jum(DE^?f^(D 

w w 

^P^£f£tt*:(lg2X@) 0 
[0134] #C^ N g|3B^^i-J;5^> HVPE?£^J;«9, GaCl^i5fta^il0sccm, NH 

3 

^*^6000sccm, ^S?aS^980°C, ^*B#r H 1^5R#r H 1^^-C|§^ B ^^$ 
^C^^>(^3X©) , TWKDPI PBlaX^III^^^^^^ll 
£LT3000 ix mX 3000 ^ mX j?$400 ix m©GaNSft^#^il, ^^Jg2Xtai 
I^^k^^^^SttS^H^S^L-CffittSfeGaNa/S^t^^bfCo g^T, MOC 
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Njg N ^3feS22-efe§In Ga Njg22a*5 itJ^Al Ga Njg22K pM^ffrfW^ 

0.2 0.8 0.2 0.8 

f*^ f r H S23-efe§pMGaNiB^JlH^S$^c (f4lH) 0 

[0135] m^teL&v^ pmmitm¥mfoWM i m23(D±mcm£ioonm(Dpmm 

%) ^mi*bT^^Jg2^3i^^^j;(9^b^:(^7X@)^, KOH*M(K 

oh : 5®4%) izmmi^xiiimmm^mfoffiM) iootiski ^grr^TBio 

a(S^^^^§I^Xffi)^^^>'^«^^^i^,in^^^^#:^l 3 B io 

£TiMm^#lttWh(|g8X@) 0 ££>i^ l»teb&l^Mn^^W^ 
S^tH 10^*D(t^GaN^t^(DT®<^ ^^:fl5^li:#80 m X 100nm<Dni!lM^ 
^^L-C(09X@). *^W!l»LED^#/c 0 *LED^:&tf3GaNffl£<D^B 

P-V 

[0136] (HJg#l5) 

m(Dsmm^m^^^ iimmt^mi^^^&iKD^M^^x, hvpe 

W;K£<9, A1C1 ^?)fti^i50sccm, NH ^f^i^7000sccm, f&MM&tflO 

3 3 

50°C. j^*0#^^3O^ra (O. 5H#^)<D^#-eM^^*$-frT, 400^ mX 400 
ix m X JJ|L$ 1 5 „ m(DAlNS«£#/c^ IIlMmikVo^miW&Mi bTm^UbCDft 

rmmmxh^smm^ym-mm7Kmm(y^m:iwm%, mm-.mm 

LED^*5itSAlN^t^(D^ffi(DlU](£l]^B(D^ffift$R J30. 021 m-Cfcofco 

p-v 
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[0137] (^Jfe^!j6) 

m(DAiNmm%m^c^t, mmmim^m^^mmKD^M^^^x. hvp 

E?feK:£^ InCl #>^tfi/^20scciru GaCl^^Dft^TOsccm, NH JfX%tA&7 

3 3 

500sccnu J$ft?&S/^880°C, ^H#r^^lB#rHl^^#-e^^B^S$-frT, 400 
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±^1^^ PfP2a^«9ffltf^^ig(D— §|3_hffi2b_b^, III^^b^l^#:^0 e B 
ffl&l 1 iXT300 m m X 300 ix m X J¥$85 /z m©GaNSS^#bilt 0 vt. El 
lO^i^LT, MOCVDSfcfcJ:^ _hfEIIlK^b^^#:^^S«ll_h^, ljg 
^_h<DIII^^b^^#:^l 3 Bjgl2^L-C, /?$3ju m(DiMGaNjgl2a, J?£30nm 
(DiMAl Ga Njgl2b^^$-fr^(||4X@) 0 

0.25 0.85 

[0195] EUOi^rJ;?^ 7*hyyy97^m$5£W7b3r-7W:K£*), iSAl 

0.25 

0.85 

nm) /AlS (J¥£lOOnm) /TiJI0¥£2Onm)/Auji (/¥£200nm) COlS^ji^80 

or-^so^r^MLT^^bi-^^^i^^bfcC^sx^o isbK, ff—hWm 

54£LTJ¥£300nm<7)AuJB^;&Lfc:(^6X@) o hftj^junu Mgfil 
50 ti mX&ofc 0 -?r<D^ |l|2C^-r«J:5^, ^5/&t7K^(^6t: lJC*%) 
?#bT^^jg2^5/^^lc:i«9^bfc(^7X@)^, |E|2D^^i-J:5t-, KO 

m^^iotrmmmit^m^xmsjiu) . ^f^vw^ioo-efcSHEM 

[0196] mMM46-2) 

5/i nKDGaN^H^ftLfci^, TMS«l^^©^g|^XfECK— ^GaNl^^ 

mx^m^t^^mmm46tmm^x¥LKMT^rfm^t'o 
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[0197] (ttmwH) 

EU4A~EU4C2r#MbT, mi4\z.m-rsmtfxffiM. ffiMstftMUmteXlFffi 

ih)&nmmtvfcz.bsxm^ itmwn(Dmi^m^mi4imtmm^x, mm 

GaNfflSX^ MOCVDfe^J;«9, im&s±<DIIlMmk^¥mfoMs£kmi 
2iXT. J¥£5 ix mOnSGaNl m^m&^l X 10 16 cm" 3 ) 

[0198] #Ci<:, ®ll^i-J;5^ GaNmm<7)M2<D±m^:mtt—^y?mm56tVXTi 
m (J¥$50nm) /Aljg (J¥$100nm) /Tijg(/¥£20nm)/Aujg (/¥£200nm) O 

«^S^80or^30#r H 1»br^^i-§^^^J:«9^b7t(||i6X@) 0 £h 

57^bT[i:^200 J umXjf:$300nm(DAujg^j^b/-(^17X@) o XfEU 

i^^^#:M^^400 jumX 400 ix m<Dfr^y7°K&MVX (H!l8X@) . ^mfty* 
s<^l00Xfo&>Biyh*—?4^—V&i / EmL'fc o 
[0199] mMM47) 

*mM&m, ±mmmnm7^xxfmmjfmi3KMf^'r^mmmxh^ 0 m2A 

iZ.7jk1~£5K, T±a^«l^bT@$400 J um(DGaN^«X^, ^^m2tVX^< 

2 

w w 
«P2aSrK^(^2X@), 

[0200] #CfC, 02B^^i-J:5^, HVPE$fcfcJ;SK GaCl^^EM^ilOsccm, NH 

3 

^*^6000sccm, ^*?M^i050T:, ^I^M^ll^M©^-C3|gS«r^$ 
(I3I@) , v^S2©FI p S52aT^a-f5Ttfi^Rl©M P ffila 

SKl 1 iXT300 ju m X 300 ju m X J?$85 /z m©GaNSt^#bilt 0 vf, 0 

&<±(Diiimmhm^mw-^mi2ti,x, j^£5 m^nMGaN/g m^m&^i 
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X 10 16 cm 3 ) Sr^Siirfc (l4Xg) 0 

[0201] mz., m2CK^~r£?K, ^ymykmm^ym-.immx) Kum\^x^ym2^ 

^^IsyiCkVmisUZ (JH5X@)iL m2VK^1r£5K, KOH7K^m(KOH:5 

B^ffitcl^-— ^y?mM56bVXTim (J¥£50nm) /Aljg (J?$100nm) /TiJgO? 
£20nm)/AuJB ()¥£200nm) (D^^JgSr800 < C-e30#ra*P|SftbT'a'^t:i-5n 

n"MGaNg_h^^a^h^— ®S57^bT[i:#200 mX j¥$300nm(DAuS^ 

[0203] (Jfctfc0»J5) 

EH4A~mi4C^#ML-r, ^I4^^i-jg*4^^*, J^S^iaS*5J;t^ 
^^gBt^irLfcri:^^^. JtK^llo^lX@d^l4X@i:|Rl^^L > r, III^ 

Iftft^if ilSiStlliLtll^OO/* mOGaNSt^fc, #CfcU Hl2£# 

^tfW$ASl2tLT, J¥$5m m©nlGaNil2c(S^lg^i x 10 16 cm" 3 )^jt 
ft£itfc(Sgl5X@) 0 

[0204] g|12^i-J;5^^ M#M^iXA&c^<£«9, pgl2d:&J;lFn + Jgl2e^F^c 

Lfc(I16Ig) 8 pjgl2df*Mg-r^aA^J: ( 9, n + jgl2e^SK^-^Q£A 

Kxmm^to iimmm^m^^mi2±K^mm(m^T)t\^x 

J¥£300nmCDSiO fl&Sr^J&Lfc^ 1250 < Ct?30#F^T=— /V=S:f?V\ ftA-fty 

2 

£^t^b$^fc(J£l7X©) 0 Jfcfc, 7s/ift-C_h|B^lt«SPHBJl(ltbfe«, MlSffllfe^ 
JJg59£XTP — CVD (Plasma enhanced Chemical Vapor Deposition ; ^X^b^^i 

2 

[0205] m^. y^hvy^y^—m^xxf^yyr—^y^m^m^^tcm^y^^m^ 
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>y&thtzM1&\zy— ^WM53bL,XTim (J?£50nm) /AIM (W- £l00nm) /Ti 
S(/f:$20nm)/ / AujB (J?£200nm) cD^Jg£800r T?30#P H 1;!}nf|&LT^^ 

IC£<0, _hfEMISffl|fe^J1^59_h^, hmft54£LTJ¥£300nm<DAlJB^)?fcL 
, MIS*3t^j£Ut(||20X@) o 

[0206] ±fEiii^^b^^^3l$S^^J;mii^^>fb^^^fiS-cfflf^$ 

@)o JfcK, III^^^^#:^^^ll-efeaGaN^<D||2(D^ffi(^l(D^ 
mtRMM<D^m^^, SkTmt)<Di£ffilZ.. KW>-mffi55£l/rTiJg(J¥£50n 
m) /AIM 0?£lOOnm) /TiJg(J?$20nm)/AuJg (J?£200nm) <D^^JB^800 

°c-e3o#rwi^Lr^-^b-r^^^J: t 9^b-c(^22xm) . ^^vw^n 

[0207] (^ffe#!j48) 

2 

w w 

§B2a£ia:ttfc(Sg2X@) 0 

[0208] g|2B^i-J;5^ HVPE&x^£<9, GaCly^tfftM^ilOsccm, NH ^ 

3 

^*^6000sccm, ^^^1050°C, j^ftBt^^iB^^^^-e^^H^S^ 
-frfc^^ (I3XH) , -e^jg2(Z)^ P§P2aTt-f5Agi-§T±fe^l^li P ffila 
Xfeit/P^ P§R2a£^ffltr^y«tf>-§|5Xffi2bX^ III^^W^^bI 
S«l 1 2XT300 m m X 300 jimX J?£85 ^ mC0GaNS«^#^^c o vC, El 
10^#MbT, MOCVDS^J;^ X|ElII^^b^¥^ft:^^BS«llX^, lJg 
J^X(DIII^^b^^ft:^H e BjBl2i!LT, ^$5^ m(Dn"MGaNjBl2c(«^S 
# 1 x 10 16 cm" 3 ) (!4Xg) „ 

[0209] Ell2^^i-J:5^, il^^-^A&t-J:^, P jBl2d*5j:^n + jgl2e^^ 

Lfc(H5X@) 0 m:\ pjgl2d«Mg-r^^At-i: , 9, n + gl2e{iSK^-^A(- 
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300nmCDSiO JRS^^b^H, 1250 < C'C30^KT^— /V£rfTV\ ftA^t^ffi 

2 

<kU"CP — CVD (Plasma enhanced Chemical Vapor Deposition; ^7 P ^X"^ r/ fb'^^,^@J# 

2 

[0210] jfcfc, 7*MJy^97-r— ife*5«trj«^y7r— K^^Mv>fc«^^^^&^ 

^^^^LfCHg^^y— ^fl;^53^LTTijB (j?$50nm) /Aljg 0¥$lOOnm) /Ti 
JB(/¥£20nm)/AuJg (J¥$200nm) <D&&m&800K:^30%pffllJam^X&&fc 

£«9, XfBMISjB*8i§ag59Xfc x h®fe54£LTJ?£300nm<DAlg^$cU 

[0211] #c^, m2c[z^k~r£.?^ ^ym^mm^ym: ^ti«b-c^y«2^ 

3is^^i!lJ:r)K^Lfc(^10X@)«, l32D^i-«t5i^ KOH«(KOH: 
5«*%) (JlgSf LTIII^>fb^¥^3lSS 10(DTfl&S«l («i-STBlOa 

ffl&<D||2(D^B<^B^ KW>-Sffi55^LTTiS (J¥$50nm)/Aljg (J?$l 
OOnm) /TiJg0?£2Onm)/AuJg (J?£200nm) (Dli^jg^800 o C-^30#^*PI^ 

[0212] XfB<Z)lt^f?!j3~^^!l5^j;t/^m6~||»!j48(D«^^VM^(DM^ 
[0213] [^14] 
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[0214] ^i4d^K ^s^^^^^in^^b^^^VM^^M^^ 

iJlitb^ HEMT, S^yfdp— ^V^-^-K^^t^MISh^^^^COV^-f tbOOIII^S 
[0215] (Hife^!)49) 
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^mmmi-i, ±mmm^mi6KM^ir^^mK^^x(Dmmmx^ 0 mi 

j>,<D^>Y^Qo a K^>mm^fix\^m^i^(Dmw^o 
[0216] ^mmm^m^x^ GaNmm^m2(D±miih^ m^tm22xmytvti^M. 
Mirzmxhv, ~(Dm\z.nmmm5i&mtfhtix\,^ 0 -(Dnmnmsm. w,2<d 

%<tz>^b7>)mmx&z> 0 mnm&±%<irm^ nmrn^xoxmbtizyttm*), 
yt^KHkm-r^Mcm^m^m^^t^x^o 

[0217] niMmm51^U4^6UCX^V—^^—J^<DV—^U60btMM.m^m^nX\^ 

[0218] ^-c, _hfB«««5t», nmmk^mfo^&mRiixhZGaNmuii^K 

, nMGaNJi21a. nMAl Ga NJI21K Al Ga Njg (O^x^ 1) iAl In Ga N 

x 1-x x 1-x x y 1-x-y 

m (O^x, O^y, x+y^ 1) ^^^§#1I^#F(MQW; Multi-Quantum Well) 
m^^i~^mytm22^ pMAl Ga Njg (O^x^ 1) 23a, p§UGaNjg23b)lRW^ 

x 1-x 

^flX\^^ 0 mi3K?j<irX^Z^ P MGaNS23b(D_h^p'fIijm*52^g^ 

[0219] ^ll^!j»M^^Mit^Sx^oV^^Ti-ta0Ji-^o *1\ S2^# 

ILT, 02A^i-J;5^, TM«l^bTj¥$400/im(DGaNX«(ffi^5L^(o 

ooi), rmmm^mt (oood® totz-r^mfto. 5° )<D±iz^x?m2t 

2 

r?flngWiP ^4oo iU mi:^J;5^iaP§Msw ^270^m(DM?F^tW?fiP§B 

w w 

[0220] Jfcl;:, g|2B^^i-J:5^, HVPE$x^i<9, GaCl^^fEi^ilOsccm, NH ^ 

3 

»fE*^6ooosccm, ^*^^i050°c, ^ftn#^^m#^»^#-e^^^ft$ 
-frfc^^ -^^S2cD^p^2aT^g-f-^Tife^l^^Pffila_h*5J;OT 
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T300 /imX 300 fimX J5£400 ju m(DGaN^t£^#£>tLfc 0 ^ GaN^jgcDit 
®^Lf*0. OlQcm, X 10 7 cm" 2 ^T-e;ibofc 0 

[0221] #ci^ mocvd^c^ Aimmmmt^m^^Ui l_Lfc, H«<Jl£l*) 

S21-efc?)j¥$2 ju mCOSiK— 7°$tLfcnMGaNJi21a^oJ;I^W$50nm(DSiK— 7° 
$^lfcAl Ga Njg21b(^7^KiB), GaNJB^In Ga Njg<i;<D2jB#£}t/^3jgM 

0.2 0.8 0.15 0.85 

febt^fcMQWCMulti-Quantum Well>R3t ; ^rr33il}feJB22 N pMlII^^^b^)^^ 
#:|^^jg23Trfe§fl:$20nmCOMgK— ^^tlfcpSAl Ga NJS23a(^yKS) 

0.2 0.8 

*=J:OT$50nm(DMgK— ^ 0 $^pMGaNjg23b^HH^:^$^rfc: 0 
^-(D^3fe^^«450nm-efe«9 N {g?U4. 2K-e<DPL(Photo Luminescence)?^^^ 
?a298KWPL^^i:bKi-§i^^J:^^l:^^^mb^:rt^*^*»50% 

[0222] ^©i^^ttjbMLt, Mgv-y^titcpmiiimmtm^mi^^Bm 

0.2 

Ga Njg^s x 10 17 cm~\ MgK— 7°§^fcpMGaNjg^i x 10 18 cm" 3 -efeofc 0 

0.8 

[0223] #Ci£, GaNS^^Il2(Z)^B-t?fc^N(^*)B(Z)^^^ii:^100 J um(Dn'fllJft^ 
Srott^o nftijm^^UT, GaN^K^L-CjlllCTiJS (/¥£20nm) /Aljg 0¥£lO 
Onm) /TiJS (/f:$20nm) /AuJS (jf:$200nm) <D^^Jg^/&Ufc 0 ijJxSr^fjf ( 
N )#HM c p-e»i-^^^J: t 9^ ^Mffi^l X 10" 5 Q •cm 2 ^T<bLf-„ 

2 

[0224] pftlMfebT, pMGaNS ^LT/¥£4nm<DNiJg£r?l^cU Wii^ff: 

£9, gttfiM5X 10" 4 Q -cm'irLfCo 
[0225] #C^, 013£r#MLT, i^C0^^h§|3a^ N ±IB^^-OpMGaNjS23 

^j62^J;oT^^^h^0Si-§^^^.^a^#6 ) ^J:5^bTV^ o 

[0226] mftm&frb<DMm&&&<irZ>it.#>K, ^3fe«^P^GaNS23b(D^ 
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[0229] _hiE©J:5fc^ #38 Mi*, ^fr^^@S©^#$©in^^b4fc¥#*Wiiffi 
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m^mm 

[6] BfflEIII^^b^^#:^^^BfrlBTifiS«d^^fi«X@^*5V>T. 

[7] Wimmmmm^m^n%<DMmK ^nmm. m^mm^^n^-m 
mmimmm^mfoffiMi^&wMmK io/hrj^x3oo ^ m/hr^r-e^ 

M^«i^^M^«7^<DV^^^^IBtt<Dni^^k^^^^^5t^& 

o 

[9] BilfBlII^^b^^^cD^^mS^S X 10 19 cm" 3 J^T-e^ft^- 1 Sld^ff ^ 
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[10] WffinasmfcQji&Mi<D£mk. (oooi) (l-ioo)ffi, (ii-20)B, (i-io 

Dm, d-102)®, (ii-2i)m&£xf(ii-22)m<v?ib<D\,^~ffrifacDmbcDfj; 
cm it^i^M^iioire^i 2 ;^^ 

[12] rmmm±^iB^±(Dmmm^m^mi^^Bmm : tmM^^nt, mmn 

[13] mmmmmtm^m^^mm^m^mm^K mmrmmR^m^mm^. 
[H] im&±<Dffimimmkm¥m{£i&M*mm&&&ttzjLmK mmrmmm 

^mM^^ut^mmm2Kmm(Diimmtm^mi^r^^(Dm^ 
[15] mmm ngws, 2m^±(D^ma^wm^x^^rix\^mMmi4\cmmco 
tie] im^±(Dmtmimmtm^mi^w^mm^M^^j:mK mmrmmm 

m^^mm^^^j:nt^t^mMmi2\zmm(Diiimm^m^m^ 
[17] mmiimm^m^m^^mu^xx^mmiiimmim^m^^m^hmm. 

7\ u—^^xxi^m(D^^ti^<D^m^m^mM^i2^hmMmi6^x 
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[is] mtmimmm^m^^mm^ximmimmtm^mi^w^mmm^ 

[19] mmiimmtm^W-^mU(D^mm^, lOm/hr^iiSOO^m/hr.^ 

T^&3fMrii2^ibfi^i8;re^ 
[20] mmiiimmtm^mm^mmm&^5 x io 19 cm" 3 ^T-e^ff Mmi 2^ 

ft^iI18*WV>T^^-fBtt»ni^S^^^#:^V^^(DM^&o 
[21] BiifBlII^^^HS^cD^ffi^, (OOOl) m, (1-100)®, (11-20)®, (1 

-101)ffi, (l-102)fi, (ll-21)B^oj:t^(ll-22)B(D5^(DV^^^(Dffi^ 

(Dteir^-yftfr^o 0 £k±.A° ^T-e^ff5j<ili2d^ff^3Si8*-e(Dv^tb^^- 

[22] M^12^^M^21«(DV^i a ^^-fB«(Z)I^^^b^^#:^VW^(DM 

[24] ffrfBm^^b^^f*^ 

tf*0. 01 n mi^JiSOM m^T-efe§ff^3S23^fB«(DIII«^^#ag#:T i V^ 

p-v 

[25] If M22^^W^«24^-e(DV ^^^CfB«c$tb^III^S^^^#:^V 
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MAI Ga Njg(O^x^l)^ tfffBGaN^^^^TBfrfSnMAlGa Njgj;«9M< 

x 1-x x 1-x 

x 1-x 

fEnSAlGa Njg*5 it^pMAl Ga nm(Dm\Z.\±m^^%Mt^mx.. 

x 1-x x 1-x 

mmpMAX Ga NS(DfllJ^^^^L, tfrfBGaNS«Off|fE||l(D^Bi:S^- 

x 1-x 

iff i mimmtm \t , m i mimmtm n Mi-cfc^ ain 

Mli, tfffSAlN^«(Z)01cD^®(D#J^, nMlII^S^^^^trHJa^nMAl 
Ga NS (O^x^ 1) iMBAlNM^ibJLTlifffenMAl Ga NJBJ^SK^ig 

x 1-x x 1-x 

x 1-x 

Ga Njg3oJ;Tj?pMAl Ga Nmcom^'&.Wiir^mytmt^m^ 

x l~x x 1— X 

fiffEAlNfflK^if^ag^;^ 100W/ (m-K) £X±X&<9, 

x 1-x 
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[2 0 0 5^9^ 1 2 0 (12. 09. 2005) @B8*ig»Sffi : ttSH^#J?5 

m^mmsRxj^i 9^m^nti ■, te©»#©<efflfiaejEj& u (21)] 

aXSOmm^T-efe^III^^b^^^f^B^^M^ifeo 

^g$^5X@i^tpft*^l(cfE«c(DIII^mb^^^#:^0 B 0 OM^fe o 
[4] fulfil P 2{@W±<Z)/MP! p gBOf¥ld«fc^j&£;fc/CV ^ff *^3(c|B*fe(D 

^^^^$*6xm^^tffs*^i^S5«wiii^^k^^#frM^w$!iat 

[6] Mteiidt^MW^ft^ 

[8] (ilEt) mm\\mm^^MW^B<D^m^, 10/im/hr^±30OMm 
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[is] mtmmmtm^m^^mm^xnmtmmmim^mi^^Bmmm^ 

[19] (ffiiiE^) lufBIII^^b#)^#^;i$ H B H £^^SM^, 10Mm/hr^±300 
[20] BufElII^^^^^ B B B ^(D^»jS^^5 x 10 19 cm- 3 ^T-Cfc5M*3Sl2^^ 

[21] ffiriBinSe^-fkttjISSSffio^ffifc, (oooi)B, d-ioo)®, (11-20)®, (1- 
101)®, (1-102)®, (ii-2i)S*3«tO f (ii-22)ffi©5*>ov^i*n^<z>ffii:©/j: 

-r^^^ o° ^±4° ^T"e*>5S»^i2i6»?>fii3ft^i8*-e©v^i"tL*Mcia 

[23] itmiH^Ste#J^#:^ 

[24] Suf2III^^^^^f*^f B S«^Kffi^^$^TV^6liadi«®(D^®|i.^R 
P _ v ^0. 01 /x mJ^±50 m mJ^T-Cfe5ft^ll23^f2gc^III^^^^^3»^X 

[25] f**Il2275^ft*il24^T-cOV ^-r^^-fS«c$n/■cIII^^b^¥^^T : V^ 



